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Finally, Jura et al. (2009) determine 
a crystal structure of an EGFR kinase 
domain (valine 924 to arginine) that is 
unable to form the activated kinase 
dimer, which reveals yet another poten-
tial regulatory mechanism for EGFR—in 
this case, inhibitory. In this new structure, 
a symmetric kinase dimer is observed in 
which the C-terminal tail of EGFR par-
tially masks the site on its own C-termi-
nal lobe to which the JM-B segment will 
bind (in trans) for activation. This inhibi-
tory dimer could be the molecular basis 
for reports of preformed, nonsignaling 
EGFR dimers on the cell surface.
Other activation mechanisms involv-
ing JM-A have been proposed, includ-
ing an electrostatic switch triggered by 
the binding of calmodulin (McLaughlin 
et al., 2005). To add to the regulatory 
complexity, phosphorylation of threo-
nine 654 in JM-A by protein kinase C is 
known to be inhibitory, but exactly how 
is still an open question. Furthermore, 
the model presented by Jura et al. 
(2009) for the EGF-triggered transition 
from the inactive kinase dimer (lack-
ing a JM-A helical dimer) to the active 
kinase dimer (with a JM-A helical dimer) 
assumes that the EGFR transmem-
brane helices become closely apposed 
(Figure 1), for which there is reasonable 
but not conclusive evidence. Thus, 
there are several issues regarding the 
EGFR signal-transduction mechanism 
that remain to be resolved.
By understanding all of the ins and 
outs of EGFR activation, there is hope 
that these mechanistic details can be 
exploited in the design of cancer thera-
peutics, either through targeting the 
ectodomain via antibodies or the kinase 
domain via small molecules. Indeed, 
recent advances in both therapeutic 
modalities provide reason for optimism 
(Sergina and Moasser, 2007). Much as 
the tale of EGFR activation has unfolded 
scene by scene, we can be assured that 
each receptor tyrosine kinase will have 
its own story to tell.
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It remains largely unknown how large-scale tissue movements during development emerge from 
the interplay of different tensile forces associated with actomyosin networks. Solon et al. (2009) 
now report that a ratchet-like mechanism drives the movement of epithelial sheets during dorsal 
closure in embryos of the fruit fly Drosophila.
*Correspondence: lecuit@ibdm.univ-mrs.frDuring development, epithelial tissues 
are extensively remodeled while main-
taining their polarized architecture. A 
well-studied example is dorsal closure in 
embryos of the fruit fly Drosophila. Dur-
ing dorsal closure the lateral ectoderm 
migrates as a sheet toward the dorsal 
midline (Figure 1). Cells at the leading 
edge accumulate high levels of actin and 
myosin II at their front, forming a supra-cellular actin cable that contracts to pro-
duce “purse-string” tension. Simultane-
ously, the underlying dorsal squamous 
epithelium called amnioserosa contracts 
and pulls the lateral ectoderm (Hutson 
et al., 2003). Solon et al. (2009) now 
shed new light on how these two steps 
are coordinated. They show that pulsed 
contractile forces produced by amnio-
serosa cells are stabilized by epidermal Cell 1actin cables to drive the movement of 
the epithelial sheet during dorsal closure 
in a ratchet-like mechanism.
Tissue remodeling relies on changes 
in cell shape as a result of forces gen-
erated by actomyosin cytoskeletal net-
works and the transmission of these 
forces at the cell cortex by adhesion 
molecules (Lecuit and Lenne, 2007). For 
instance, myosin II-based tension drives 37, June 26, 2009 ©2009 Elsevier Inc. 1183
figure 1. Pulsed constrictions Drive Dorsal closure
(A) Drosophila embryo viewed from the dorsal side, undergoing dorsal closure. The lateral epidermis 
(beige) migrates dorsally, due to the combined contraction of the actin cable (red arrows) at the leading 
edge and contraction (blue arrows) of amnioserosa cells (green).
(B) In the first phase, amnioserosa cells exhibit pulsed constrictions of their apical surfaces (green), which 
correlate with dorsal displacement of the leading edge (black). In the second phase, the actin cable sta-
bilizes transient displacements of the leading edge and drives its persistent dorsal movement.
(C) Confocal images of an embryo at different time points showing amnioserosa cell constriction (arrow-
heads), relaxation (arrows), and leading edge displacement (double arrows).polarized remodeling of junctions and 
tissue elongation in fly embryos (Bertet 
et al., 2004; Blankenship et al., 2006; 
Rauzi et al., 2008), and myosin II accu-
mulation drives apical constriction dur-
ing fly mesoderm invagination (Martin 
et al., 2009) and vertebrate neural tube 
closure (Hildebrand, 2005). Although the 
mechanical elements that underlie tissue 
morphogenesis are better understood at 
the level of single cells, recent analyses 
have begun to yield insights into their 
dynamics in whole tissues. This includes 
detailed measurements of cell deforma-
tions in dorsal closure (Gorfinkiel et al., 
2009). Now, Solon et al. extend this and 
examine the temporal dynamics of cell 
movements during dorsal closure. They 
find that the apical surface exhibits a 
pulsed behavior with alternating phases 
of contraction and relaxation. Strikingly, 
the pulses are not random fluctuations 
but instead tend to follow a regular tem-1184 Cell 137, June 26, 2009 ©2009 Elsevieporal pattern. Moreover, the pulses are 
spatially regulated, starting in amnio-
serosa cells that contact cells at the 
leading edge of the epidermis and then 
spread dorsally.
This observation prompts the ques-
tion of whether the pulses of amniose-
rosa cell contraction are coordinated. 
The authors report an anti-phase cor-
relation between neighboring cells and 
an in-phase correlation between more 
distant cells. The coupling between 
cells is then probed by laser ablation: 
after disrupting a cell contact between 
two adjacent amnioserosa cells, sur-
rounding cells stop pulsing. This is con-
sistent with the notion that contracting 
cells may be mechanically coupled and 
that their activity is coordinated. This 
behavior may be a consequence of all 
cells attempting to contract together but 
failing to do so because of constraints 
imposed by synchronized constriction. A r Inc.potentially similar phenomenon has been 
observed in vitro in Madin-Darby canine 
kidney cells expressing the actin-bind-
ing protein Shroom, which is required 
for apical cell constriction (Hildebrand, 
2005). Addressing the mechanisms of 
mechanical coupling between cells will 
be an important avenue to pursue in 
future work.
Given the central role of amnioserosa 
contraction in dorsal closure, the authors 
address whether pulses of apical con-
striction are linked with the mechanics of 
dorsal closure. By tracking the position 
of the leading edge the authors make the 
key observation that it oscillates along 
the dorsal/ventral axis and that its move-
ment correlates with the contraction/
relaxation phases of amnioserosa cells. 
This suggests that the amnioserosa may 
cause leading edge oscillations.
It turns out that there are two phases 
characterizing the dynamics at the lead-
ing edge: at first, the leading edge oscil-
lates with no net dorsal displacement; 
later, the oscillations at the leading edge 
are associated with persistent motion 
toward the dorsal side. Superficially this 
would disqualify pulsed contractions of 
amnioserosa cells as an active element 
sufficient for dorsal closure. Solon et al. 
thus looked for a second player respon-
sible for leading edge displacement dur-
ing the second phase. A candidate is the 
actin cable in cells of the leading edge, 
which lines the circumference of the 
epidermal opening and is essential for 
dorsal closure (Franke et al., 2005). The 
authors observe that levels of F-actin in 
the actin cable increase steadily during 
closure, along with the straightening of 
the leading edge. These data support 
the notion that the actin cable is a con-
tractile supracellular network, as has 
been reported previously (Franke et al., 
2005; Hutson et al., 2003).
This prompted the authors to test 
whether there is mechanical coordina-
tion between the two force generators, 
actin cable contractility and amniose-
rosa contractions, during closure. Cor-
relation analysis between amnioserosa 
movement and leading edge dynam-
ics indicates that forces contributed by 
distinct components of the system may 
be mechanically coupled (Gorfinkiel et 
al., 2009). Solon and colleagues push 
this notion a bit further, documenting 
that the pulses of amnioserosa cells are 
dampened over time, which correlates 
with actin cable formation. In conditions 
that abrogate formation of actin cables 
(namely mutants that inactivate Jun 
kinase signaling) amnioserosa pulses 
are not dampened. This suggests that 
actin cable contraction may provide 
mechanical feedback on amnioserosa 
contractility, as pointed out by Gorfinkiel 
et al. (2009).
The most important conceptual 
advance by Solon et al. is the proposal 
that the actin cable might stabilize tran-
sient dorsal displacement of the leading 
edge imposed by the contraction phases 
of amnioserosa cells. Indeed, before for-
mation of the actin cable, or when the 
actin cable is disrupted, amnioserosa 
cell contractility is not accompanied by 
persistent dorsal-ward movement of 
the lateral epidermis. This suggests a 
ratchet mechanism: pulsed contractil-
ity of the amnioserosa causes transient 
dorsal displacement of the leading 
edge, which is prevented from relaxing 
ventrally by continuous contractility of 
the actin cable. Thus, when contractil-
ity of the actin cable and amnioserosa 
are combined, the leading edge moves 
in a ratchet-like manner. It is probable The proliferation of stem cells is a key 
aspect of the development and mainte-
nance of most tissues. The epithelial cell 
layer of the intestinal tract is particularly 
dependent on replenishment by stem 
cells because it is constantly exposed to 
toxic or pathogenic stresses as well as 
fly stem cell R
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To maintain tissue homeostasis, 
damage caused by stress or infe
back mechanism involving the Ja
to accomplish this task.that this mechanism relies on specific 
adhesion between the leading edge and 
the amnioserosa. To some extent this is 
dependent on integrins and indeed inte-
grin mutants have defects in dorsal clo-
sure (Hutson et al., 2003). However, the 
role of integrins in this process has yet to 
be addressed.
The data of Solon et al. build up to a 
computational model of dorsal closure, 
in which tension-dependent contraction 
force, a time delay (setting the oscillation 
periodicity), and a Hill coefficient (defin-
ing the sensitivity of a system in response 
to external stimuli) are varied to explore 
phase-pulsing transitions in silico. The 
simulations match the observed dynam-
ics of dorsal closure and reinforce the 
plausibility of the model.
This model bears similarities with 
one recently proposed for mesoderm 
invagination in which pulses of apical 
cell constriction are in synch with pulses 
of actomyosin accumulation within the 
same cells (Martin et al., 2009). Pulses of 
actomyosin contraction are followed by 
a phase of stabilization, suggesting that 
myosin II tension acts like a ratchet to 
drive constriction. Both Martin et al. and 
Solon et al. vividly illustrate how tissue 
level displacement emerges from the local Cell 1
chemical or mechanical damage. Stud-
ies in mammalian systems have estab-
lished that there is a stem cell population 
responsible for the renewal of gut epithe-
lia (Casali and Batlle, 2009). But it is not 
clear how this population is regulated so 
that it can respond to gut tissue damage, 
esearch Gets In
,*
strian Academy of Sciences (IMBA), 1030 Vien
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stem cells need to increase their 
ction. In this issue, Jiang et al. (2
k/Stat signaling pathway that enainterplay between contractility and stabi-
lization in actomyosin tensile networks. 
Future studies will have to meet the chal-
lenge of understanding how this interplay 
is controlled at the molecular level.
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stress, or infection. Stem cells also have 
been identified in the midgut of the adult 
fruit fly Drosophila melanogaster (Ohl-
stein and Spradling, 2006; Micchelli and 
Perrimon, 2006). This has raised hopes 
that fly genetics could be used to uncover 
some of the mechanisms that regulate 
fectious
na, Austria
proliferation rate to repair tissue 
009) describe a regulatory feed-
bles stem cells of the fly midgut 
